Altered impulse control is associated with substance use disorders, including cocaine dependence. We sought to identify the neural correlates of impulse control in abstinent male patients with cocaine dependence (PCD). Functional magnetic resonance imaging (fMRI) was conducted during a stop signal task that allowed trial-by-trial evaluation of response inhibition. Fifteen male PCD and 15 healthy control (HC) subjects, matched in age and years of education, were compared. Stop signal reaction time (SSRT) was derived on the basis of a horse race model. By comparing PCD and HC co-varied for stop success rate, task-related frustration rating, and post-error slowing, we isolated the neural substrates of response inhibition, independent of attentional monitoring (of the stop signal) and post-response processes including affective responses and error monitoring. Using region of interest analysis, we found no differences between HC and PCD who were matched in stop signal performance in the pre-supplementary motor area (pre-SMA) previously shown to be associated with SSRT. However, compared with HC, PCD demonstrated less activation of the rostral anterior cingulate cortex (rACC), an area thought to be involved in the control of stop signal inhibition. The magnitude of rACC activation also correlated negatively with the total score and the impulse control subscore of the Difficulty in Emotion Regulation Scale in PCD. The current study thus identified the neural correlates of altered impulse control in PCD independent of other cognitive processes that may influence stop signal performance. Relative hypoactivation of the rACC during response inhibition may represent a useful neural marker of difficulties in impulse control in abstinent cocaine-dependent men who are at risk of relapse.
INTRODUCTION
Deficits in inhibitory control or impulsivity have been thought to directly or indirectly influence substance use behaviors (Ernst and Paulus, 2005) . Substance dependence, characterized by impulsive drug seeking and consumption, is distinctly captured by a loss in impulse control (Everitt and Robbins, 2005; Goldstein and Volkow, 2002) . Studies employing different personality scales to measure impulse control have demonstrated greater impulsivity in individuals with substance use disorders (SUD) including those with cocaine dependence (Dawe and Loxton, 2004) . Moreover, impaired impulse control is associated with poor treatment outcome and relapse, adverse life events, and suicidal behaviors in patients with SUD (Dougherty et al, 2004; Hayaki et al, 2005; Moeller et al, 2001) .
However, relatively little is known about the neural substrates underlying impaired impulse control in patients with SUD. Behavioral tasks that examine impulse control oftentimes involve perception, attention, working memory, and post-response processing, which are mediated by distinct regions of the frontal cortex and can influence the measure of response inhibition. While previous research has shown altered activation in several regions of the frontal cortex in patients with SUD, whether this frontal dysfunction is specific to impulse control or related to other cognitive and affective processes is unknown (Hester and Garavan, 2004; Kaufman et al, 2003) . For instance, a previous functional magnetic resonance imaging (fMRI) study employing a 'go/no-go' task reported attenuated response in the pre-supplementary motor area (pre-SMA) and insula both during successful 'no-go' trials and commission errors in cocaine-dependent patients, compared to cocaine-naive controls (Kaufman et al, 2003) . However, since less attentional monitoring for the 'no-go' signal could lead directly to commission errors and commission errors evoke affective responses and cognitive compensatory processes, it was not clear whether the regional frontal hypoactivation truly reflected a deficit in impulse control. Furthermore, whether hypoactivation during impulse control tasks are in fact associated with subjective and functional reports of difficulties in impulse control has not been examined.
We previously established an algorithm to address cognitive and affective processes associated with impulse control (Li et al, 2005c (Li et al, , 2006c . In this research we isolated the behavioral and neural measure of inhibitory control using a tracking stop signal task. To this end, a number of task-related factors such as attention and error monitoring that can influence stop signal performance were identified, in addition to the performance measure on inhibitory controlFthe stop signal reaction time (SSRT), which was obtained on the basis of the horse race model (Li et al, 2006a; Logan, 1994) . Using fMRI, we identified two specific regions, a prefrontal and an anterior cingulate locale, which appear to mediate response inhibition independent of these other task-related factors (Li et al, 2006a) . The dorsal medial frontal cortex (dmFC) and the rostral anterior cingulate cortex (rACC) showed greater activation in observers with short SSRT, compared to those with long SSRT. Furthermore, activation of the dmFC correlated with SSRT, consistent with its role in withholding the response, while activation of the rACC did not correlate with SSRT, consistent with its role in controlling response inhibition. These two brain regions thus each played a motor-level and control-level role in stop signal inhibition, independent of other cognitive and affective processes (Li et al, 2006a, b) . In the current study, we examine the specific deficit in regional brain activation during response inhibition that may be associated with chronic cocaine abuse. On the basis of our previous work, the neural correlates of response inhibition were studied after accounting for the effects of attentional signal monitoring and post-response processing. We hypothesized that, compared to healthy individuals, patients with cocaine dependence (PCD) would demonstrate decreased rACC activation during response inhibition. Additionally, since rACC hypoactivation has been implicated in deficient executive control in patients with stimulant use, we expected that such rACC hypoactivation would be associated with subjective difficulties in impulse control in PCD (Aron and Paulus, 2007; Jovanovski et al, 2005; Sinha et al, 2005; Verdejo-García et al, 2006) . Men and women demonstrate important differences in their drug using behaviors and in their clinical profiles of SUD (Brady and Randall, 1999; Sinha and Rounsaville, 2002) . Furthermore, significant sex differences in brain responses have also been demonstrated in both healthy individuals and patients with SUDs (Adinoff et al, 2006; Goldstein et al, 2005; Kim et al, 2005; Li et al, 2005a Li et al, , b, 2006b Wager et al, 2003) . In particular, women appear to involve multiple neural processes during stop signal inhibition, such that an increased number of subjects and perhaps an alternative experimental design would be required to examine altered frontal processes in cocaine dependent, compared to healthy control (HC), females (Li et al, 2006b) . We, therefore, tested the proposed hypotheses only in men in the current study.
MATERIALS AND METHODS

Subjects, Informed Consent, and Assessment of Impulse Control
Fifteen male abstinent PCD and age-and educationmatched HC men participated in the study (Table 1) . PCD met criteria for current cocaine dependence, as diagnosed by the Structured Clinical Interview for DSM-IV (First et al, 1995) . Recent cocaine use was confirmed by urine toxicology screens upon admission. They were drug-free for a minimum of 2 weeks while staying in an inpatient treatment unit prior to the current fMRI study. All subjects were physically healthy with no major medical illnesses or current use of prescription medications. None of them reported having a history of head injury or neurological illness. Other exclusion criteria included dependence on another psychoactive substance (except nicotine) or past history of any substance abuse/dependence (except nicotine) and current or past history of psychotic disorders. Individuals with current depressive or anxiety symptoms requiring treatment or currently being treated for these symptoms were excluded as well. The Human Investigation committee at Yale University School of Medicine approved all study procedures, and all subjects signed an informed consent prior to study participation.
Because PCD are known to have impaired impulse and affective control, we assessed their difficulties in emotion regulation and impulse control using the Difficulties in Emotion Regulation Scale (DERS) weekly during their inpatient stay (Gratz and Roemer, 2004) . The DERS is a 36-item self-report measure, with each item rated on a 5-point analog scale: 1 ¼ almost never; 2 ¼ sometimes; 3 ¼ about half of the time; 4 ¼ most of the time; 5 ¼ almost always. It has been shown to have high internal consistency, test-retest reliability, and construct validity in the general population and in cocaine-dependent patients (Fox et al, 2007; Gratz and Roemer, 2004 The total score of DERS ranges from 36 to 180 and the impulse control subscale score ranges from 6 to 30, with higher score indicating greater emotion dysregulation and difficulties in impulse control. Abstinent cocaine patients were found to have persistent problems in impulse control compared to healthy individuals (Fox et al, 2007) .
Behavioral Task
We employed a simple reaction time (RT) task in this stop signal paradigm ( Figure 1 ). There were two trial types: 'go' and 'stop,' randomly intermixed. A small dot appeared on the screen to engage attention and eye fixation at the beginning of a go trial. After a randomized time interval (fore-period) anywhere between 1 and 5 s, the dot turned into a circle, which subtended approximately 21 of visual angle. The circle served as an imperative stimulus and the subjects were instructed to quickly press a button at the 'go' signal but not before. The circle vanished at button press or after 1 s had elapsed, whichever came first, and the trial was terminated. A premature button press prior to the appearance of the circle also terminated the trial. Three quarters of all trials were 'go' trials. In a stop trial, an additional 'X,' the 'stop' signal, appeared after the go signal. The subjects were told to withhold button press upon seeing the stop signal. Likewise, a trial terminated at button press or when 1 s had elapsed since the appearance of the stop signal. The stop trials constituted the remaining one-quarter of the trials. There was an inter-trial-interval of 2 s. Clearly, it would be easier for the subject to withhold the response if the stop signal appeared immediately or early after the go signal, and the reverse applied if the time interval between the stop and the go signals (or the stop signal delay, SSD) was extended. The SSD started at 200 ms and varied from one stop trial to the next according to a staircase procedure: if the subject succeeded in withholding the response, the SSD increased by 64 ms, making it more difficult for them to succeed again in the next stop trial; conversely, if they failed, SSD decreased by 64 ms, making it easier for the next stop trial. With the staircase procedure, a 'critical' SSD could be computed that represents the time delay required for the subject to succeed in withholding a response half of the time in the stop trials (Levitt, 1970) . One way to understand the stop signal task is in terms of a horse race model with a go process and a stop process racing toward a finishing line (Logan, 1994) . The go process prepares and generates the movement while the stop process inhibits movement initiation: whichever process finishes first determines whether a response will be initiated or not. Importantly, the go and stop processes race toward the activation threshold independently. Thus, the time required for the stop signal to be processed so a response is withheld (ie SSRT) can be computed on the basis of the go trial RT distribution and the odds of successful inhibits for different time delays between go and stop signals. This is done by estimating the critical SSD at which a response can be correctly stopped in approximately 50% of the stop trials. With the assumptions of this 'horse-race' model, the SSRT could then be computed in the current tracking stop signal task for each individual subject by subtracting the critical SSD from the median go trial RT. Generally speaking, the SSRT is the time required for a subject to cancel the movement after seeing the stop signal. A longer SSRT indicates poor response inhibition.
Subjects were instructed to respond to the go signal quickly while keeping in mind that a stop signal could come up in a small number of trials. Prior to the fMRI study, each subject had a practice session outside the scanner. Each subject completed four 10-min runs of the task with the SSD updated manually across runs. Depending on the actual stimulus timing (eg trials varied in fore-period duration) and speed of response, the total number of trials varied slightly across subjects in an experiment. With the staircase procedure we anticipated that the subjects would succeed in withholding their response in approximately 50% of the stop trials. This is thus an event-related fMRI study, with the go and stop trials randomly jittered to improve the efficiency of the study design.
After the localization scans but before the blood oxygenation level dependent (BOLD, see below) sessions, subjects were asked to rate their stress level on a Likert scale from 1 (minimal) to 10 (most stressful ever). After they completed the third run of the task, subjects were again asked to rate their frustration and stress level associated with the task on a Likert scale from 1 (minimal) to 10 (most frustrating and stressful ever). The difference in the two ratings was taken to reflect task-related frustration. We also computed a behavioral index of error monitoring. It is known that in a RT task the RT of a correct response is Figure 1 Stop signal paradigm. In 'go' trials (75%) observers responded to the go signal (a circle) and in 'stop' trials (25%) they had to withhold the response when they saw the stop signal (an X). In both trials the go signal appeared after a randomized time interval between 1 and 5 s (the foreperiod or FP) following the appearance of the fixation point. The stop signal followed the go signal by a time delayFthe stop signal delay (SSD). The SSD was updated according to a staircase procedure, whereby it increased and decreased by 64 ms following a stop success (SS) and a stop error (SE) trial, respectively.
Impulse control and cocaine dependence C-SR Li et al prolonged following an error, compared to other correct responses, and this prolonged RT is thought to reflect cognitive processes involved in error monitoring (Rabbit, 1966) . We thus computed the RT difference between the go trials that followed a stop error and those that followed another go trial, and termed this RT difference 'post-error slowing' (Hajcak et al, 2003) . Both frustration rating and post-error slowing reflected post-response processing.
Imaging Protocol
Conventional T 1 -weighted spin-echo sagittal anatomical images were acquired for slice localization using a 3T scanner (Siemens Trio). 
Data Analysis and Statistics
Data were analyzed with Statistical Parametric Mapping version 2 (SPM2, Welcome Department of Imaging Neuroscience, University College London, UK). Images from the first five TRs at the beginning of each trial were discarded to enable the signal to achieve steady-state equilibrium between RF pulsing and relaxation. Images of each individual subject were first corrected for slice timing and realigned (motion-corrected). A mean functional image volume was constructed for each subject for each run from the realigned image volumes. These mean images were normalized to an MNI (Montreal Neurological Institute) EPI template with affine registration followed by nonlinear transformation (Ashburner and Friston, 1999; Friston et al, 1995a) . The normalization parameters determined for the mean functional volume were then applied to the corresponding functional image volumes for each subject. Finally, images were smoothed with a Gaussian kernel of 10 mm at full width at half maximum. The data were highpass filtered (1/128 Hz cutoff) to remove low-frequency signal drifts. Four main types of trial outcome were distinguished: go success (G), go error (F), stop success (SS), and stop error (SE) trials (Figure 1) . A statistical analytical design was constructed for each individual subject, using the general linear model (GLM) with the onsets of go signal in each of these trial types convolved with a canonical hemodynamic response function (HRF) and with the temporal derivative of the canonical HRF and entered as regressors in the model (Friston et al, 1995b) . Additional regressors with the go trial RT and stop trial SSD were also included for parametric modulation. Realignment parameters in all six dimensions were also entered in the model. Serial autocorrelation caused by aliased cardiovascular and respiratory effects was corrected by a first-degree autoregressive or AR(1) model. The GLM estimated the component of variance that could be explained by each of the regressors.
We constructed for each individual subject a single statistical contrast: SS vs SE. Although the stimulus conditions were identical in the two trial types, subjects withheld response in SS but were not able to withhold response in SE trials. Thus, this contrast allowed us to evaluate the relative brain activations during stop signal inhibition. Note that we did not employ a contrast between G and SS (or SE) trials, because cognitive and affective processes other than response inhibition are unequally represented between these trial types; for instance, SS (or SE) trials involve more complicated visual processing and emotional frustration than G trials (Li et al, 2006a) . In region of interest (ROI) analysis, we used MarsBaR (Brett et al, 2002 ; http://marsbar.sourceforge.net/) to compute for each individual subject the effect size of activity change for the two ROIs derived from our previous study (Li et al, 2006a) . The effect size rather than mean difference in brain activity was derived for correlation with behavioral measures, in order to account for individual differences in the variance of the mean. One ROI focused on the dmFC (Talairach coordinate: x ¼ À4, y ¼ 32, z ¼ 51; Brodmann area or BA 8) and the other focused on the rACC (x ¼ À8, y ¼ 35, z ¼ 19; BA 32/24). By comparing PCD and HC covaried for stop success rate, task-related frustration rating, and post-error slowing, we isolated the neural substrates of impaired impulse control, independent of attentional monitoring (of the stop signal), and post-response processes including affective responses and error monitoring. Specifically, in a covariance analysis, we compared PCD and HC in brain activation for the contrast SS4SE, with SS rate, frustration rating, and the effect size of post-error slowing as covariates. The covariance analysis was conducted separated for the two ROIs.
RESULTS
Behavioral Performance
PCD and HC each successfully completed 97.1±1.6% (mean ± SD) and 97.6 ± 1.7% of go trials, 50.9 ± 1.6% and 50.1 ± 1.4% of stop trials, suggesting the success of the staircase procedure in tracking their performance. PCD and HC did not differ in their median go trial RT (524 ± 86 vs 565 ± 122 ms, p ¼ 0.288, two-sample t test), post-error slowing in RT (effect size: 2.16±1.17 vs 2.40±1.43, p ¼ 0.305, twosample t-test), and task-related frustration rating (4.3 ± 2.1 vs 3.3 ± 1.2, mean rank ¼ 18 vs 13, p ¼ 0.126, Mann-Whitney U-test). PCD also did not differ from HC in the SSRT (213±32 vs 200±28 ms, p ¼ 0.236, two-sample t test).
ROI Analysis
In ROI analysis, PCD and HC did not differ in the effect size of activation of the dmFC (effect size: À0.34 ± 0.84 vs 0.63±2.38, p ¼ 0.222, two-sample t-test; Figure 2a ). However, PCD demonstrated significantly less relative activation than HC in the rACC for the contrast 'SS4SE' (effect size: À1.38±2.00 vs 0.63±1.56, po0.005, two-sample t-test; Figure 2b ). These results remained significant in covariate analysis after controlling for stop success rate, post-error slowing, and task-related frustration rating (p ¼ 0.278 for dmFC and po0.003 for rACC). Furthermore, we performed linear regressions of rACC activity (effect size) on these variables to ascertain the independence: p ¼ 0.454 (stop success rate); p ¼ 0.311 (frustration rating); p ¼ 0.483 (posterror slowing). Across subject groups, activation of the dmFC (r ¼ À0.497, p ¼ 0.005, Pearson's regression) but not the rACC (r ¼ 0.305, p ¼ 0.101) correlated with SSRT (Figure 2) . When directly compared, the two regressions showed a neartrend level but not significant difference both in slope (p ¼ 0.107) and in intercept (p ¼ 0.106; Zar, 1999) .
Neural Correlates of Impulse Control Difficulties in Cocaine Dependence
To further assess neural correlates of difficulties in impulse control, the relationship between the DERS scores and activity of the two identified ROIs were examined. Total DERS scores in PCD (n ¼ 14, one PCD did not complete the assessment) ranged from 36 to 134 (median ¼ 96.5) and between 6 and 25 (median ¼ 11.5) in the impulse control subscale, consistent with our previous report in a larger sample of PCD (average total DERS score ¼ 86, compared to average total DERS score ¼ 61 of control subjects, Fox et al, 2007) . Linear regression analyses indicated that rACC activity correlated inversely with the DERS total score (r ¼ À0.541; p ¼ 0.046; Figure 3a ) and the impulse control subscale score (r ¼ À0.713; p ¼ 0.004; Figure 3b ). On the other hand, the dmFC activity did not correlate with either DERS total score (r ¼ À0.348; p ¼ 0.223) or the impulse control subscale score (r ¼ À0.501; p ¼ 0.068). A formal comparison, however, showed that the regressions between the two brain regions were not different for either the DERS total score (slope: p ¼ 0.858; intercept: p ¼ 0.749) or the impulse control subscale score (slope: p ¼ 0.888; intercept: p ¼ 0.702; Zar, 1999) . We also assessed whether SSRT as a behavioral measure of inhibitory control correlated with these subjective ratings of impulse control difficulties. The results showed that neither the total score (r ¼ 0.328; p ¼ 0.252) nor the impulse control subscale score (r ¼ 0.243; p ¼ 0.402) correlated with SSRT.
Whole-Brain Comparison between PCD and HC
No brain regions differed in activity for SS4SE between the two groups at a threshold of po0.05, corrected for familywise error or false discovery rate (Genovese et al, 2002) . However, at a lower statistical threshold of po0.001, uncorrected, and five voxels in extent of activation, HC showed greater activation in the visual and posterior parietal regions, compared to PCD, in addition to the rACC (Table 2) . Conversely, no brain regions showed greater activation in PCD, as compared to HC.
DISCUSSION
This study identified relative rACC hypoactivation as a specific deficit in controlling the inhibitory response in men with chronic cocaine abuse. On the basis of the horse race model, we computed the SSRT to index response inhibition in individual subjects. While PCD and HC demonstrated insignificant differences in SSRT, PCD activated the rACC to a lesser extent, compared to HC, during stop signal inhibition. Given the neuroimaging evidence for functional heterogeneity of the ACC and medial frontal cortex, it was important to identify the specific psychological construct underpinning dysfunction in these cortical brain regions (Bush et al, 2000; Ridderinkhof et al, 2004; Rushworth et al, 2004) . The cingulate hypoactivation remained significant after controlling for attentional monitoring, post-error behavioral adjustment, and task-related frustration rating, providing ascertaining evidence for a specific role of rACC in mediating inhibitory control. The findings are consistent with earlier fMRI studies and further specify the psychological intermediary of cingulate hypoactivation during the stop signal task (Hester and Garavan, 2004; Kaufman et al, 2003) . In particular, the current study focused on the rACC that appears to be in the same locale as reported by Hester and colleagues, an area overlapping both the cognitive and affective subdivisions of the ACC (Bush et al, 2000; Hester and Garavan, 2004) . On the other hand, altered activity in Figure 3 The effect size of activity change in the rostral anterior cingulate cortex (rACC) correlated with total score of the Difficulty in Emotion Regulation Scale (DERS, a) and the impulse control subscale score of Difficulties in Emotion Regulation Scale (DERS) (b). other subregions of the ACC and other parts of the medial frontal cortex has also been reported in PCD (Adinoff et al, 2003; Bolla et al, 2003; Hester and Garavan, 2004; Kaufman et al, 2003) . The current findings also indicate that the SSRT overlaps significantly between PCD and HC (Figure 2 ). The SSRT, just as RT in a behavioral task, can be influenced by multiple sensory and motor conditions, and other mental processes (such as effort), that are not directly related to the measure of interest-inhibitory control. Thus, SSRT as a behavioral measure may not capture the between-group differences in response inhibition processes. The current study shows that neuroimaging provides an additional tool to reveal the neural processes associated with impaired response inhibition in PCD. In fact, the observed differences in regional brain activation despite similar behavioral performance are reminiscent of other imaging studies, which purportedly compare groups that are equated in behavioral measures. For instance, a recent study compared prefrontal activities during an n-back memory task between patients with schizophrenia and HCs who were matched in performance under all conditions (Tan et al, 2006) . Thus, the observed differences between patients and controls were attributed specifically to the underlying psychopathology of schizophrenia, and the lack of difference in behavioral performance was essential to the validity of such conclusions. Similarly, our current findings provide evidence that the frontal cortical deficits are fundamental to the psychopathology underlying cocaine dependence.
It is worth noting that both in the current and a previous fMRI study, the dmFC activation correlates significantly with SSRT across both controls and PCD, once again supporting the specific role of the dorsal medial frontal region in performing or executing the act of response inhibition (Li et al, 2006a) . As described by the horse race model, the SSRT reflects the outcome of an inhibitory control mechanism competing with motor prepotent responses to reach the activation threshold. Connected anatomically with pre-motor and motor structures, the medial frontal region, located in the pre-SMA, is well suited to mediate this motor-level process in response inhibition. In contrast, rACC activation does not correlate with stop signal performance in individual PCD or HC and appears to reflect a process involved in controlling response inhibition, which is not directly related to motor control. On the other hand, the two regressions (dmFC vs SSRT and rACC vs SSRT) were not significantly different in the current work, indicating that the suggested functional differentiation between the two brain regions is merely descriptive and needs to be confirmed in a larger cohort of subjects. Further studies are also warranted to examine whether rACC activity during stop signal inhibition can be generalized beyond the current behavioral task and whether rACC is similarly compromised in PCD during other executive control functions such as those that can be decomposed in the Wisconsin Card Sorting Task (Konishi et al, 2005; Lie et al, 2006) .
We showed that rACC activity during stop signal inhibition correlated inversely with the total DERS score and, at greater statistical significance, with the impulse control subscale score. On the other hand, dmFC activity did not demonstrate such associations. These data further support the differentiation of control-and motor-level role of the rACC and the dmFC in mediating stop signal inhibition and more broadly impulse control. The finding also indicates that the rACC activity involving control of an inhibitory response indeed captures aspects of subjective feeling of loss of behavioral control in PCD. However, given that these regressions did not statistically differentiate the two brain regions, further studies would be required to substantiate their functional differences and to explore whether the rACC hypoactivation can be generalized to other cognitive and affective regulation deficits associated with illicit drug use Sinha et al, 2005; Stadler et al, 2007) .
Although we focused on the frontal cortical regions in the current work, whole-brain analyses revealed differences in the posterior parietal and visual cortical activation between PCD and HC. Activation of the posterior parietal lobule (left side, in particular) has been associated with motor attention (see Rushworth et al, 2003 for a review). For instance, both anti-saccade and 'no-go' activated these brain regions to a greater extent then pro-saccade in an oculomotor countermanding task (Brown et al, 2006) . Furthermore, we have argued in our previous work that greater visual cortical activation during SS compared to SE trials may reflect greater foveal attention during the stop signal task (Li et al, 2006a) . Thus, overall, greater activation of the posterior parietal and visual cortical regions suggest great attention to the task in healthy individuals, whether such attention is directed to change detection or readiness for motor output, compared to cocaine-dependent patients. These results are also consistent with earlier work demonstrating frontal and temporo-parietal hypoperfusion associated with chronic cocaine use (Strickland et al, 1993) . Note, however, that a recent study showed greater deactivation of the parietal cortices and activation of the prefrontal and occipital cortices during a visuospatial attention task in cocainedependent patients (Tomasi et al, 2007) . Future work with a larger sample size and cross-task comparisons may be required to resolve these potential discrepancies.
It is important to note a few limitations. Firstly, with a small sample size, we were not able to show impaired stop signal performance in the PCD, compared to HC, in the current study. Thus, the present results fall short of ascertaining impaired impulse control in the patients, in contrast to our previous work (Li et al, 2006c) . On the other hand, the current imaging findings suggest that the neural correlates of response inhibition provide a more sensitive index of impulse control in cocaine-dependent patients. Secondly, stop signal task is a motor response inhibition task. Despite its mathematical rigor and practicality, the stop signal task does not readily address real-life scenarios of how we exercise inhibitory control. For instance, impulse control is particularly critical for decision making in the context of a reward or stressor. PCD are known to have greater difficulties in delayed gratification. The current results thus represent merely a starting point to investigate these and other factors directly impacting drug using behaviors in the realm of cognitive control. Thirdly, we have not included female subjects in the current study. Women appeared to involve distinct neural circuitry in mediating stop signal inhibition (Li et al, 2006b) . Further studies would be warranted to explore whether these differences in brain activation during the stop signal task are also seen in women and whether they are related to gender differences in drug using behaviors. Finally, the influence of antisocial personality, which is known to be associated with cocaine use, needs to be addressed in further studies with a larger sample size. Despite these limitations, the current findings are the first to specifically link rACC hypoactivation to controlling the inhibitory response co-varied for attentional monitoring and postresponse processing in abstinent cocaine-dependent men performing a stop signal task. As impulse control difficulties are associated with vulnerability to relapse, identifying its specific neural correlates has potential utility in both the assessment of patients with high impulse control problems and the assessment of new treatments that target improvement in impulse control in men with a history of chronic cocaine abuse.
